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The present study: the paradox . From time to time a
etiaieal study appears that a urages speculation on the
links between basic science and clinical reality . The striking
reproducibility of electrically induced sustained monomor-
phic ventricular tachycardia reported by Rosenbaum et al
.
(1) in this issue of the Journal brings to mind once again a
paradox that, for reasons detailed elsewhere (2), 1 have
claimed as my own
. Amsdorfs paradox is that the multiplic .
ities, discontinuities, dynamic interactions and other com-
plexities that exist in and among the active and passive
cellular properties underlying cardiac excitability should
result in unpredictably complex behavior, yet electrophysi-
ologic events usually are coordinated sufficiently to produce
predictable outcomes . In other words, there is order in this
seeming chaos. The elegant study by Rosenbaum et al . (1)
suggests such order.
Resolution of the paradox. In 1977 1 (i) proposed that
cardiac excitability must be rendered abnormal fur danger-
oUSventricufar arrhythmfas to arise . Cardiac excitability has
an intuitive meaning that suggests the ease with which
stimulated cardiac cells undergo individual and seauential
regenerative depolarization and repolarizatfon, communi-
cate with each other and propagate in a normal or abnormal
manner (2.4-6) . These events must be strictly controlled to
allow synchronized contraction and an effective cardiac
output. in this context we have considered three fundamen-
tal hypotheses in some detail . 1) There is an electrophysio-
logic matrix of interacting active and passive cellular prop-
erties that determines normal cardiac excitability . Active
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properties include the ionic conductances responsible for the
action potential
; passive properties include cable properties
with membrane teakiness and cell to cell communicafian
being particularly important . 2) The normal matrix is altered
by arrhythmngenie influences that affect one or more deter,
minaats of excitability, producing a change in excitability
and gtvlng rise toe proarrhythnaac precursrx stale that may
result in reentrant, automatic and triggered arrhythmias . 3)
The normal matrix or the matrix deformed by arrhyth-
mugenic influences interacts with antiarrhythmic drugs; the
differences in predominant interaction depend on the matrix
encountered. The resulting matrix configuration is antiar .
rhythmic, amin,eillmory or pmarrhythmic. Figure IA pro.
vides a diagrammatic representation of these concepts,
based on some of our experimental work (7) on the effects
and interactions of lidocaine and lysophosphatidyteholine, a
putative ischemic metabolite .
I believe that the paradox can be resolved by recognizing
that complex systems can be encouraged to act simply and
predictably . The induction of an arrhythmia electrically or
spontaneously can be conceptualized as the normal equilib-
rium and matrix associated with a normal cardiac rhythm
giving way to a new equilibrium and matrix associated with
an arrhythmia such as sustained monomorphic ventricular
tachycardia .
The tru,rsition from one equilibrium to another car, be
considered usefully with bifurearion diagrams. The experi-
mental results of Figure IA are used in the bifurcation
diagram of Figure IB, where point A is the normal dynamic
equilibrium shown as a normal matrix . The accumulation of
Iysophosphatidylcholine drives the equilibrium from left to
right along the Y axis until point B is reached, where normal
humeostatic feedback mechanisms fail, disequilibrium m-
curs and a transition to a new dynamic equilibrium (C or D)
follows . Depending on the conditions of the X axis, inch as
the anatomic substrate, pH and [K'],,, path a or h leading to
equilibrium C or D, respectively, will be preferred ; a mech-
anism termed an atrhted bifurcation . A second bifurcation
occurs after the tissue is exposed to lidocaine (C',
D),
which further modifies the configuration of the matrix, and
this configuration is also determined by the variables along
the X axis for given points along the Y axis. I believe that
such is the mechanism by which heterogeneous events can
be led to a single predictable equilibrium, and in this is the
resolution to the paradox (2) . The arrhythmogenic matrix at
C or D may be feed or transient:
fixed, as in the case of an
anatomic substrate such as a ventricular aneurysm, or tran-
sient, is with isebemia, autonoetic surges, drug toxicity and
the like .
Clinical implications. Such reasoning and other lines of
thought led me to suggest that if the elecuophysiologic
matrix has a fixed proarrhythmic configuration, etectrophys-
ielogic testing will be reproducible and electrophysiologi-
cally directed drug therapy should have a high rate of
success (2,4-6,8).
In the study by Rosenbaum et al. (1),
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most of the highly selected patient group had a constant
anatomic substrate such as left ventricular scar, fibrosis and
aneurysm
. Moreover, because their hemodynamic status
was quite stable, significant acute ischemia or autonomic
change was probably minimal. The hypothesis that such
patients have primarily a fixed proarrhythmic matrix that,
given the proper trigger, causes ventricular arrhythmia is
supported by the impressive reproducibility of arrhythmia
induction, the anatomic characteristics of the cohort studied
and the stable hemodynamic responses observed by Rosen-
baum et al, (I) as well as the excellent predictive accuracy of
etectrophysiotogically dir^coed antiarrhythmic drug therapy
previously reported for such patients .
Rosenbaum et al . (1) also reported reproducibility of ar-
rhythmia induction in a number of patients before and after the
administration of antiarrhythmic drugs. As seen in Figure 1, the
matrix configurations are quite similar after administration of
the arrhythntogcuic agent (lysophosphatidylcholine) and after
the anriarrhythmic drug (lidocaine) . The "kite"-shaped matrix
configuration resulting from the interaction of lysuphosphati-
dylcholine sufficient to decrease excitability and lidocaine is
very similar to that we have observed for cthmozin, encainide,
procainamide and, at an elevated (K'], for quinidine (see
Discussion and Figure 5 in Amsdorf and Sawicki [9]), The
similarity in matrix shape suggests that it may be difficult to
distinguish between the failure of a drug to create an antiar-
rhydmJic matrix configuration and a true proarrhythrnic
effect
of an antiaurhythmic drug . It is also evident that a small change
in matrix shape could leave the patient unprotected even when
the drug is effective at proper dosages, a situation that can
occur because of troughs in blood levels and problems with
patient compliance .
Drug classifications. Most classifications of antiarrhyth-
mic drugs have been based on a presumed predominant drug
action. Rosenberg et al. (1) use the widely cited modified
Vaughan-Williams classification (10-12) . This classification
considers neither the electrophysiologic and autonomic dif .
ferences of drugs in the same group nor the complicated
effects that a drug may have individually and in combination
with other drugs on the passive and active determinants of
excitability
. Nevertheless, this classification and others have
been empirically useful, suggesting main organization suffi-
cient to allow predictable drug action to a situation filled with
endless possibilities . 1 (13) recently proposed that drug
actions appears to be "predominant" because of assisted
bifurcations . Variables along the
X
axis that assist bifurca-
tion along path a (Fig . 1), are, for example, the pH changes
and elevated [K']„ that accompany ischemia leading to a
matrix configuration that almost invariably is characterized
by sodium channel inactivation and decreased excitability .
Thus, the class I type antiarrhythmic drug effect, defined as
depressinn of sodium conductance due to sodium channel
binding, becomes "predominant" in such particular and clini-
cally common situations. The predominant drug action would
be quite different if path b were to be followed, as may occur in
hypokalemia (13), and the concept, f a class 1 action defined
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primarily in terms of sodium conductance would be meaning-
less, as we have demonstrated for quinidine (14). Therefore
predictability of a predominant effect depends primarily on the
reproducibility of the matrix configuration
in a given clinical
situation, such as in the patients studied by Rosenbaum et al .
(1), and only secondarily on the drug action .
Methadologic conssideratious, Rosenbaum et al. reported
differences in arrhythmia morphology despite reproducible
induction in about a third of their patients . I suspect that
initiation, the initial alteration in excitability, is a process
different from the maintenance of an arrhythmia
. This by-
pothcsis is suggested by studies such as those by Josephson
et al . (15) in which the site of exit from a reentrant loop in the
setting of a ventricular aneurysm was important in determin.
ing the final configuration of the arrhythmia .
Methodologically. a 2 ms stimulus is on the rapidly rising
portion of the strength-duration curve of cardiac tissue, and
an intensity 5 times diastolic threshold is analogous to the
classical approach used to induce multiple responses in
animals that takes advantage of differences in "vulnerabili-
ty" or perhaps in the dispersion of refractoriness (16,17) .
The point apparently is not important in the patients studied
by Rosenhaum et al . (1), perhaps because of the site of
stimulation or the characteristics of refractoriness and excit-
ability in these patients .
Conclusions . The results of Rosenbaum et al . (1) are very
important but should not be generalized to other types of
patients, particularly those in whom the electrophysiologic
matrix is only transiently deformed as, I believe, occurs
during ischemia and changes in autonomic tone. If the
electrphysiotogic matrix is only transiently proarrhythmic,
electrophysieiogically directed therapy should be of only
limited predictive usefulness, and this has been the clinical
experience . The 30% to 70% failure rate for electrophysio-
logically guided drug selection is simply too high and we
need new ideas rather than a locked-step approach to the
standardization of electrphysiclogic study protocols. In
these patients it is interesting to speculate that if the bifur-
cation can be assisted so that a proarrhythmie matrix con .
figuration is produced that is similar to
that which occurs
spontaneously (that is, vary Y to assist the choice of
pathway a to steady state C in Figure IL,, then the predic-
tive accuracy of electrphysiologic testing should improve
dramatically . Exercise, isoproterenol or adenosine infusion,
alteration of autonomic tune or other maneuvers might
provide such assistance. Without doubt, many patients have
a fixed substrate and episodes of transient ischemia or
autonomic surges that further deform the matrix and lead to
arrhythmias. I suspect that this is particularly
common in
patients who experience hemodynamic collapse and ventric-
ular fibrillation .
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